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Fig. 1 Schematic diagram of experimental principle
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JE u, A R D,
12 XWERE
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FER, 3 B S AN 3 TR, K RERIR 69 TB-9014 KEZ58E 5 3 AE 4T L, FIFH D428 57 mm (1) KK
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P29 0.7 wm JEAGES R, — 8 i o 8 7E A0 B PN S S 2~ 3 YRR R RT3 SF A7, i s A R g 0 o) i s
2925 0.6 ns., LiF & Fl ik 3¢ 208 2 48 75 40 4 1E A p
J7, 42 2% B R FH TR O K 24 i o T 5 M A i 2 e — Sample AL surface (0.7 pum)
B, 7E KM B 57 mm S, 6 I 04 kA 7
F 10 ns. FFHIEF 25 #E L (PDV) [R] B ) :
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AMER V78 AHIE
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Fig. 2 Schematic diagram of experimental device
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Fig. 3 Physical diagrams of experimental devices

S H il DG 223 8 55 AL CAEP-PDV-3, 1M Ry 4 G 4F 2540, 25 #0405 %% . PDV (i AY 3%
eI KR 1550 nm, 2400 WA 5932 Sh B R 1 km/s B, GF A 2585005 % S 1.29 GHz. 1% PDV HGHLER
W5 0947 988 12.5 GHz, 5 KL E 1 R 7R P A% 904 13 GHz, 78 I & B s R AR U3l 40 GS/s, %2
PDV 45 #$4H T5 1Y BR 1, 1% 22 58 e i v LI 24 9.7 km/s AYHEE . PDV %5 8 1 ELAA 45 by B2 0 538 J5 Bt ]
2530k [14].
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fi o B R B A AR, AT ABh T — AR LR, SR AR S IR 22 B R OR s B RN T 0.1%.
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Fig. 4 Particle velocity at interface between sample and window
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Fig. 5 Flyer velocity-time curves

ARG 26 00 ) ROR R W AT 1 SR TR T8 e, A ECC8) A1) 1545 21 TB-9014 K524 1
Al E Ry il PO S SRR 1 Bl Ab B KR LiF PR Hugoniot 2808 : p,=2.641 g/em’,

a,=5.176 km/s, b,=1.353!"",

F1 LEUALER

Table 1 Experimental results

SIS pl(g-em™) Wi(km-s™) u,/(km-s™) u/(km-s™) D/(km-s™") p/GPa
Shot 1 1.883 0.696 0.216 0.480 3.433 3.119
Shot 2 1.889 0918 0.300 0.618 3.788 4.422
Shot 3 1.893 1.173 0.394 0.779 4.028 5.941
Shot 4 1.891 1.490 0.527 0.963 4.501 8.196

AP B 1w 4 o 1245 31 TB-9014 258 i B9 D-ug I Z AN 6 7 . WAL 6 T, R g 3 Fl Bt
I, ARSCH S S5 5 5 Dick %0 928 UBL I PBX-9502 15256 25 A% — 3, B SCI 45 5 40 i i o

o EERAED 25 Y B BCHE AR L, A SO AR Y £ e
FEARA = o SR EAEL 25 B AR Bh A A BEL T AR
A5, i ] BEL T 00 2t K5 B2 5 L R ) b G E
B R A A G, 55 A i T R BE U £ Y
SEAES, LR R Y 2 T, BRIk, s 1Y 2
PR K,

K R 1) o A I A TB-90 14 KE 24 b
Hugoniot 4 i) 5256w, AN B B 2 3 i 1A
TR 3R B . KO R R ARG bl Hugoniot
SR, WT R, PDV I E B9 A R RR HEAS T 2
BEZIR 0.1%; X T % 0 AR 32, PDV I3 1
AH X A HE S 10 02 BE 290 1% an S o 11 44 L oh
Hugoniot 2% i AH X AN 2 B # I|j 0.5% 1153, AR

8
o
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Fig. 6 Relation between shock velocity and particle velocity
for the explosive samples
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P AN o B 1 A 3o A, SR FH S ) 43 o v AR A5 () R ol A 8 R G5 s ME AN 2 FE 2928 1%, i
R A AR AR AN A FE 2R 1.8%

P 3R 2 SR AT 0, SR J e i o v 0 i A 24 o il Hugoniot S 8UE ATATHY, SL50 Hh R E SRR H
PDV i, Fdi AN BE /N TR 24535 | R % Lk | b B L VR A IR . A2 KN RE T 1
BRI, A S i) A R B s fin 2 Hs ) Y SE g, AR A A SR g 8 2R TS 1) 48 o 3 N 5K 1 e iz B[] £
A5 ns, AH LW A TR A R BEL T L R R T g e 1 P [ ) e R A A B RS, A R R Ty
JE 1R AR N HE 2 bt i Hugoniot 44

3 &

(1) SRz )t o 2 0 6 24 i Hugoniot 228502 nT AT 1Y, 1207 75 52 56 Ji JHLIRT 2L, B30 A 3505 (i, K
FER R, SEH AR5 1 vh il Hugoniot £ b7 3 B AH X G B AN B 2 B2 29 0 1%, ol 2 3 BE A AR X &
JRARE AN 2 BE 20 1.8%.

() R mfEd kT, EESHIR A PDV WA KAS, BFRIma AR, /NF 5 ns. [, 1205 0] LA HE
A1 L5 190 AT RGN, B8 ) R S 3 5 DA B S 1 R i R KE 24 il Hugoniot B4

(3) £ 3.1~8.2 G Pa JK JJ{E [l N, IB-9014 K¢ 25 i v i B 51 il Ze dm UL X &R, W RIR N
D=2.417+2.140u, (D, F u, WA 8 km/s) , 71K J13E N, A SCHS 3 18U S5 28U KE 2 PBX-9502 (1)
B B

S 30k

[1]  SAEH e TS M) 2 BAEE: B iRAE, 1999: 197-198.

(2] ZRZedi—HASE W S il (M. bt BB Tk Rk, 2003: 212-213.

[3] DICKJJ, FOREST C A, RAMSAY J B, et al. The Hugoniot and shock sensitivity of plastic-boned TATB explosive PBX-
9502 [J]. Journal of Applied Physics, 1988, 63(10): 4881-4888. DOI: 10.1063/1.340428..

[4] COLEBURN N L, LIDDIARD T P. Hugoniot equations of state of several unreacted explosive [J]. Journal of Chemical
Physics, 1966, 44(10): 1929-1936. DOI: 10.1063/1.1726963..

(51 TN, WxEEF, X SCH, 4. JB-9001 4l J&% 4 25 Hugoniot 5 M3 [7]. w5 JE 4 3 2% 4R, 1998, 12(1): 72-77. DOIL:
10.11858/gywlxb.1998.01.012.

YU Chuan, CHI Jiachun, LIU Wenhan, et al. Shock Hugoniot relation of JB-9014 insensitive high explosive [J]. Chinese
Journal of High Pressure Physics, 1998, 12(1): 72-77. DOI: 10.11858/gywlxb.1998.01.012.

6]  skJW, W KA, b RBE, 55 TBOO14 i Jgk K 24 ol oy 2 2R I &E (7], 5 JE 4 3 2% i, 2001, 15(4): 304-308. DO
10.11858/gywlxb.2001.04.011.

ZHANG Xu, CHI Jiachun, FENG Minxian, et al. Hugoniot relation of JB9014 insensitive high explosive [J]. Chinese Journal
of High Pressure Physics, 2001, 15(4): 304—308. DOI: 10.11858/gywlxb.2001.04.011.

[7]  FU Hua, LI Tao, TAN Duowang. Shock Hugoniot relation of unreacted heterogeneous explosive [J]. International Journal of
Modern Physics B, 2011, 25(21): 2905-2913. DOI: 10.1142/S0217979211100527.

[8] GUSTAVSEN R L, SHEFFIELD S A, ALCON R R. Measurement of shock initiation in the tri-amino-tri-nitro-benzene based
explosive PBX9502: Wave forms embedded gauges and comparison of four different material lots [J]. Journal of Applied
Physics, 2006, 99(11): 1-17. DOI: 10.1063/1.2195191.

[9] DICKJJ, MARTINEZ A R, HIXSON R S. Plane impact response of PBX-9501 and its components below 2 GPa: LA-13426-
MS [R]. Los Alamos National Laboratory, 1998. DOI: 10.2172/663187.

[10] SHEFFIELD S A, GUSTAVSEN R L, ALCON R R. Hugoniot and initiation measurement on TANZ explosive: LA-UR-95-
2765 [R]. 1995. DOLI: 10.1063/1.50842.

[11] SHEFFIELD S A, GUSTAVSEN R L, ALCON R R, et al. High pressure Hugoniot and reaction rate measurements in PBX-
9501 [C] // Shock Compress of Condensed Matter-2003. US: American Institute of Physics, 2004, 706: 1033—1036. DOI:
10.1063/1.1780414.

052301-5


http://dx.doi.org/10.1063/1.340428.
http://dx.doi.org/10.1063/1.1726963.
http://dx.doi.org/10.1063/1.1726963.
http://dx.doi.org/10.11858/gywlxb.1998.01.012
http://dx.doi.org/10.11858/gywlxb.1998.01.012
http://dx.doi.org/10.11858/gywlxb.1998.01.012
http://dx.doi.org/10.11858/gywlxb.2001.04.011
http://dx.doi.org/10.11858/gywlxb.2001.04.011
http://dx.doi.org/10.11858/gywlxb.2001.04.011
http://dx.doi.org/10.1142/S0217979211100527
http://dx.doi.org/10.1142/S0217979211100527
http://dx.doi.org/10.1063/1.2195191
http://dx.doi.org/10.1063/1.2195191
http://dx.doi.org/10.1063/1.340428.
http://dx.doi.org/10.1063/1.1726963.
http://dx.doi.org/10.1063/1.1726963.
http://dx.doi.org/10.11858/gywlxb.1998.01.012
http://dx.doi.org/10.11858/gywlxb.1998.01.012
http://dx.doi.org/10.11858/gywlxb.1998.01.012
http://dx.doi.org/10.11858/gywlxb.2001.04.011
http://dx.doi.org/10.11858/gywlxb.2001.04.011
http://dx.doi.org/10.11858/gywlxb.2001.04.011
http://dx.doi.org/10.1142/S0217979211100527
http://dx.doi.org/10.1142/S0217979211100527
http://dx.doi.org/10.1063/1.2195191
http://dx.doi.org/10.1063/1.2195191
http://dx.doi.org/10.1063/1.340428.
http://dx.doi.org/10.1063/1.1726963.
http://dx.doi.org/10.1063/1.1726963.
http://dx.doi.org/10.11858/gywlxb.1998.01.012
http://dx.doi.org/10.11858/gywlxb.1998.01.012
http://dx.doi.org/10.11858/gywlxb.1998.01.012
http://dx.doi.org/10.11858/gywlxb.2001.04.011
http://dx.doi.org/10.11858/gywlxb.2001.04.011
http://dx.doi.org/10.11858/gywlxb.2001.04.011
http://dx.doi.org/10.1142/S0217979211100527
http://dx.doi.org/10.1142/S0217979211100527
http://dx.doi.org/10.1063/1.2195191
http://dx.doi.org/10.1063/1.2195191
http://dx.doi.org/10.1063/1.340428.
http://dx.doi.org/10.1063/1.1726963.
http://dx.doi.org/10.1063/1.1726963.
http://dx.doi.org/10.11858/gywlxb.1998.01.012
http://dx.doi.org/10.11858/gywlxb.1998.01.012
http://dx.doi.org/10.11858/gywlxb.1998.01.012
http://dx.doi.org/10.11858/gywlxb.2001.04.011
http://dx.doi.org/10.11858/gywlxb.2001.04.011
http://dx.doi.org/10.11858/gywlxb.2001.04.011
http://dx.doi.org/10.1142/S0217979211100527
http://dx.doi.org/10.1142/S0217979211100527
http://dx.doi.org/10.1063/1.2195191
http://dx.doi.org/10.1063/1.2195191

539 4% 15 743 5 i i %51

[12] MILLETT J C F, BOURNE N K. The shock Hugoniot of a plastic bonded explosive and inert simulants [J]. Journal of Physics
D: Applied Physics, 2004, 37(18): 2613-2617. DOI: 10.1088/0022-3727/37/18/018.

[13] MILNE A, LONGBOTTOM A, BOURNE N, et al. On the unreacted Hugoniots of three plastic bonded explosives [J].
Propellants, Explosives, Pyrotechnics, 2007, 32(1): 68-72. DOIL: 10.1002/prep.200700009.

[14] STRAND O T, GOOSMAN D R, MARTINEZ C, et al. Compact system for high-speed velocimetry using heterodyne
techniques [J]. Review of Scientific Instruments, 2006, 77(8): 083108—083108.

[15] FERGUSON J W, TAYLOR P. Application of heterodyne velocimetry and pyrometry as diagnostics for explosive
characterization [J]. Journal of Physics: Conference Series, 2014, 500(14). DOI: 10.1088/1742-6596/500/14/142014.

[16] PRI, AT 80, Bk, 5. & Ml 2% 0 & Bi 19 IK& Hugoniot 44 [J]. 4 ¥ 2~ 42, 2001, 60(10): 106401. DOL:
10.7498/aps.60.106401.
TAN Ye, YU Yuying, DAI Chengda, et al. Measurement of low-pressure Hugoniot data for bismuth with reverse-impact
geometry [J]. Acta Physica Sinica, 2001, 60(10): 106401. DOI: 10.7498/aps.60.106401.

(17 T30, RS, Znife, &5, LiF 5 B0 o TR0 3 ST 1S BE OB IE (9] 55 R4 B 2441, 2014, 28(5): 571-576. DOL:
10.11858/gywlxb.2014.05.010.
ZHAO Wanguang, ZHOU Xianming, LI Jiabo, et al. Refractive index of LiF single crystal at high pressure and its window
correction [J]. Chinese Journal of High Pressure Physics, 2014, 28(5): 571-576. DOIL: 10.11858/gywlxb.2014.05.010.

Measurement of Hugoniot relation for unreacted JB-9014 explosive
with reverse-impact method

PEI Hongbo', LIU Junming®, ZHANG Xu', SHU Junxiang', HUANG Wenbin', ZHENG Xianxu'
(1. Institute of Fluid Physics, China Academy of Engineering Physics, Mianyang 621999, Sichuan, China,

2. Graduate School of China Academy of Engineering Physics, Mianyang 621999, Sichuan, China)

Abstract: In order to obtain the Hugoniot relation of unreacted JB-9014 explosive, one-dimensional plane
impact experiments of the JB-9014 explosive were completed on a gun by using the reverse-impact method.
The JB-9014 explosive sample was mounted on the front surface of the sabot as a flyer. The LiF window was
taken as a device target. The sabot was accelerated to a certain speed by the gun and then the explosive
sample impacted the LiF window. The impact velocity of the flyer and the particle velocity at the
sample/window interface were measured by a photonic Doppler velocimetry (PDV). The Hugoniot data was
obtained according to the conservation of the shock. The Hugoniot relationship of the JB-9014 explosive
sample within the pressure range of 3.1-8.2 GPa was established by using the least square method. The
results show that reverse-impact method has the characteristics of high accuracy and fast response time
(<<5 ns). In addition, the reverse-impact method can be used to detect the reaction degree of the JB-9014
explosive, which can be applied to judge whether the real Hugoniot data of the unreacted explosive is
measured in the experiment.
Keywords: JB-9014 explosive; Hugoniot relation; reverse-impact; photonic Doppler velocimetry (PDV);
particle velocity
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